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FOREWORO 


This  technical  report  describes  an  experimental  study  of  the  effects  of 
corrosion  inhibitors  on  the  conductivity  of  aviation  turbine  fuel.  Part  of  the  work 
reported  here  was  performed  in-house  under  Work  Unit  30480591,  “Fuel  Evaluation  and 
Development"  which  is  administered  by  the  Fuels  Branch  (AFWAL/POSF ) ,  Fuels  and 
Lubrication  Division  (POS),  Air  Force  Aero  Propulsion  Laboratory,  Air  Force  Wright 
Aeronautical  Laboratories,  Wright-Patterson  AFB,  Ohio.  Other  parts  of  this  work 
were  performed  by  Monsanto  Research  Corporation  under  Work  Unit  30480515, 

"Properties  of  Aircraft  Fuels  and  Related  Materials",  administered  by  the  Fuels 
Branch  (Mr.  Timothy  L.  Dues).  The  in-house  work  described  in  this  report  was 
performed  by  Lt  Richard  C.  Striebich  from  November  1982  to  February  1984.  The 
principal  investigator  for  the  extensive  work  done  at  Monsanto  was  Mr  Donald  Duvall. 
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SECTION  I 
INTRODUCTION 

Distillate  fuels  may  become  charged  electrostatically  during  such  operations  as 
refueling,  filtering  or  mixing  due  to  the  separation  of  positive  and  negative  ions 
in  the  fuel.  This  charge  separation  could  occur  when  identically  charged  particles 
adhere  to  the  surface  of  a  tank,  filter  or  other  part  of  a  fuel  system  and  ions  of 
the  opposite  charge  flow  with  the  fuel.  If  the  fuel's  conductivity  is  low,  the  fuel 
is  not  able  to  readily  transport  this  charge  to  other  surfaces  in  the  fue7  system. 
If,  for  example,  an  aircraft  is  being  refueled,  low  conductivity  fuel  may  build  up  a 
significant  static  charge  in  the  aircraft  fuel  tank.  When  the  potential  exceeds  a 
critical  value  for  the  system,  a  discharge  may  occur  in  the  vapor  space.  Obviously, 
this  kind  of  occurrence  would  have  disasterous  consequences  if  a  flammable  fuel/air 
mixture  was  present.  The  Air  Force  and  Navy  have  reported  numerous  incidents  in  the 
last  decade  solely  related  to  electrostatic  discharge.  In  the  past  few  years,  more 
than  50  incidents  have  been  reported  in  the  Air  Force's  A-10  aircraft  probably  due 
to  the  blue  foam.  This  figure  does  not  take  into  account  incidents  related  to 
electrostatic  discharge  because  of  fuel  flowing  through  fire  suppressive  blue  foam. 

The  Air  Force  has  been  using  anti-static  or  static  dissipator  additives  for  a 
number  of  years.  The  conductivity  of  JP-4  aviation  fuel  without  this  additive  would 
typically  range  from  1-10  pS/m  (pico-Siemens  per  meter).  Aviation  turbine  fuel 
(JP-4)  specification  MIl-T-56241  (Reference  1)  calls  for  a  fuel  conductivity  between 
200  and  600  pS/m.  This  level  of  conductivity  should  be  sufficient  to  deter  any  type 
of  electrostatic  discharge  from  a  fuel  through  its  vapor  space.  Refineries,  in 
their  quest  for  reduced  costs,  add  static  dissipator  additives  in  as  low  a 
concentration  as  possible  so  that  the  200-600  pS/m  specification  is  met.  For 
example,  if  static  dissipator  additive  were  to  interact  with  other  additives  like 
corrosion  inhibitors,  to  decrease  conductivity,  then  additional  static  dissipator 
additive  would  have  to  be  added  to  the  fuel  to  ensure  proper  conductivity.  Through 
this  study  the  Air  Force  hopes  to  curtail  the  use  of  those  corrosion  inhibitors  on 
,  ie  Qualified  Products  List  (QPL)  which  decrease  conductive  properties.  Refineries 
would  then  need  less  anti-static  additive  in  their  fuels  in  order  to  meet 
conductivity  specifications.  Resultant  fuels  would  be  less  expensive  due  to 
decreased  additive  concentration,  but  more  importantly,  fuels  would  not  be  expected 
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to  show  any  instability  because  of  higher  concentrations  of  high  molecular  weight 
additives. 

Some  corrosion  inhibitors  have  been  noted  to  decrease  conductivity  by  as  much 
as  40%  in  the  field;  however,  little  documentation  has  been  provided  by  laborato 
experimentation  to  validate  this  observation.  Thus,  this  report  describes 
experiments  carried  out  by  the  Fuels  Branch,  Aero  Propulsion  Laboratory,  Wright- 
Patterson  AFB,  to  investigate  the  effect  of  corrosion  inhibitors  on  the  conductivity 
of  aviation  turbine  fuel  with  anti-static  additives. 
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SECTION  II 
CURRENT  RESEARCH 


1.  EXPERIMENTAL  TEST  PLAN 
a.  Overview 

The  investigations  described  herein  were  designed  to  test  the 
compatibility  of  corrosion  inhibitors  with  aviation  turbine  fuels,  as  specified  in 
MIL-I-25017D  (Reference  2).  In  the  compatibility  section  of  this  specification, 
paragraph  4. 6. 2.1  calls  for  compatibility  test  to  be  run  by  adding  corrosion 
inhibitors  to  JP-4  in  their  maximum  allowable  concentrations.  At  the  end  of  a  24- 
hour  equilibration  period,  a  visual  inspection  of  the  samples  should  show  no  signs 
of  cloudiness  or  precipitation. 


Paragraph  4. 6. 2. 2  of  MIL- I -25017D  describes  the  requirements  for  compatibility 
of  the  corrosion  inhibitors  with  static  dissipator  additives.  The  manner  in  which 
conductivity  effects  may  be  tested  is  very  explicitly  stated  in  this  paragraph: 


Grade  JP-4  fuel  (MIL-T-5624) ,  filtered  through  clay  as  described  in 
Appendix  A. 4  of  ASTM  D2550  (Reference  3),  shall  be  blended  with  each 
static  dissipator  additive  approved  in  MIL-T-5624  to  provide  test  fuels 
having  a  conductivity  of  400  picosiemens  per  meter  (pS/m)  +/-100  pS/m. 

After  a  24-hour  period  to  insure  that  equilibrium  of  fuel  conductivity 
has  been  established,  the  inhibitor  under  test  shall  be  added  and 
mixed.  At  the  end  of  another  24-hour  period,  no  more  than  40%  change 
in  the  electrical  conductivity  of  the  fuel  shall  have  occurred  as  a 
result  of  the  test  inhibitor.  The  fuel  electrical  conductivity  shall 
be  measured  using  either  ASTM  D2624  (Reference  4)  or  D3114  (Reference  5) 
test  methods...  No  significant  change  in  temperature  should  be  allowed 
during  the  test. 

Thus,  the  purpose  of  the  present  study  is  to  determine  which,  if  any  of  the  14 
corrosion  inhibitors  on  the  Qualified  Products  List  (QPL)  (Reference  6),  will  cause 
a  significant  change  in  the  conductivity  of  a  JP-4  fuel  with  anti-static  additive. 


The  entire  experiment  was  divided  into  three  phases.  In  Phase  I,  a  baseline 
fuel  was  prepared  by  blending  ASA-3  anti-static  additive  into  a  double  clay-treated 
JP-4  to  yield  a  fuel  with  a  conductivity  of  approximately  400  pS/m.  One  gallon 

epoxy-lined  cans  were  used  to  store  this  base  fuel  blended  with  each  of  14  corrosion 
inhibitors  at  their  maximum  allowable  concentrations.  Each  sample  was  shaken  on  a 
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small  paint-can  shaker  and  then  allowed  to  equilibrate  for  24  hours.  The  electrical 
conductivity  of  each  fuel  sample  was  measured  by  both  ASTM  D3114  and  D2624.  If  an 
increase  or  decrease  of  more  than  40%  was  found  due  to  the  corrosion  inhibitor 
(relative  to  the  conductivity  of  the  baseline  fuel),  the  concentration  was  decreased 
in  1  lb/1000  bbl  increments  from  the  maximum  allowable  concentration  by  dilution 
with  the  baseline  fuel.  For  example,  if  a  sample  showed  a  conductivity  decrease  of 
55%  with  8  lbs/1000  bbl s  of  corrosion  inhibitor  "A",  the  solution  would  be  diluted 
with  baseline  fuel  (JP-4  plus  ASA-3)  to  7  lbs/1000  bbls  of  inhibitor  "A".  If  this 
solution  still  produced  a  conductivity  change  greater  than  40%  from  the  base  fuel,  a 
concentration  of  6  lbs/1000  bbls  was  tested.  This  procedure  was  carried  out  until 
the  minimum  effective  concentration  was  reached  or  a  change  in  conductivity  of  less 
than  40%  was  noted. 

After  testing  all  14  corrosion  inhibitors  in  the  JP-4  plus  ASA-3  baseline  fuel, 
Phase  II  of  the  testing  began.  Phase  II  was  similar  to  Phase  I  except  that  two 
different  anti-static  additives  were  substituted  for  ASA-3  in  the  JP-4,  i.e.,  STADIS 
450  and  TOLAD  511  anti-static  additives.  As  in  Phase  I,  the  corrosion  inhibitors 
were  added  at  their  maximum  allowable  concentrations  and  then  diluted  until  a  change 
of  less  than  40%  was  observed  when  compared  to  the  baseline  fuel. 

The  objective  of  Phase  III  testing  was  to  re-examine  those  corrosion  inhibitors 
displaying  "borderline"  or  "failing"  compatibility;  i.e.,  to  retest  those  corrosion 
inhibitors  which  showed  considerable  conductivity  change  for  any  of  their  allowable 
concentrations.  In  addition  to  the  petroleum  JP-4  used  in  Phases  I  and  II,  five 
other  fuel  types  were  evaluated.  Both  ASA-3  and  STADIS  450  (the  only  two  Air  Force- 
approved  anti-static  additives)  were  used  and  the  procedure  was  much  the  same  as 
that  described  in  Phase  I  or  II.  The  results  of  Phases  I  through  III  indicated 
which  corrosion  inhibitors  produce  an  undesirable  change  in  the  conductivity  of 
various  aviation  fuels. 

b.  Equipment  and  Procedures 

The  equipment  used  for  measuring  conductivity  is  specified  in  ASTM  D3114 
and  02624.  Briefly,  in  ASTM  D3114  a  sample  of  fuel  is  contacted  with  a  conductivity 
cell  which  is  then  connected  in  series  with  a  dc  voltage  source  and  ammeter.  The 
conductivity  is  calculated  by  Ohm's  law  from  the  cell  characteristics,  the  voltage 
across  the  cell,  and  the  almost  instantaneous  peak  current  reading.  Conductivity 
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units  are  then  expressed  in  pS/m  (Reference  5).  The  method  is  very  similar  for  ASTM 
D2624  except  that  the  meter  used  is  a  portable  rather  than  a  laboratory  device.  The 
conductivity  reading  is  directly  displayed  in  either  a  digital  readout  or  through  an 
analog  meter  (Reference  4). 

The  apparatus  used  for  clay-filtering  is  shown  in  Figure  1.  This  single  pass, 
double  stage  rig  was  designed  for  a  throughput  of  approximately  five  gallons  per 
minute. 

There  were  several  procedural  precautions  which  had  to  be  taken  to  ensure 
consistent  conductivity  readings.  First,  because  of  the  viscosities  of  the 
corrosion  inhibitors  and  static  dissipator  additives,  additions  to  fuels  were  made 
on  a  weight  basis  rather  than  by  volume.  Additives  were  weighed  into  a  small  glass 
boat  and  added  to  the  fuel  by  washing  the  additive  into  the  sample  container  with 
1000  mis  or  more  of  fuel.  The  temperatures  of  the  samples  were  recorded  while 
measuring  conductivity.  Ambient  temperatures  however,  did  not  vary  significantly 
throughout  the  experiments. 

Sample  containers  were  specially  chosen  and  prepared  with  a  great  deal  of  care. 
Hayes  and  Conley  (Reference  9)  report  that  different  sample  containers  have  varying 
effects  on  the  conductivity  of  fuel  samples  with  static  dissipator  additive. 

Unlined  tin  cans  and  amber  and  clear  glass  bottles  all  decreased  conductivity  with 
time.  Also,  unknown  synergistic  effects  resulted  in  abnormally  high  conductivity 
readings  for  fuel  stored  in  polyethylene  bottles.  "Deactivated"  one  gallon  epoxy- 
lined  cans  were  the  only  containers  which  would  keep  conductivity  readings 
reasonably  consistent.  Deactivation  consisted  of  rinsing  the  container  with  the 
baseline  fuel  to  be  tested  in  order  to  "use  up"  active  sites  where  the  additive 
might  otherwise  tend  to  plate  out.  Without  deactivation,  conductivity  would 
decrease  over  time.  Consequently,  the  deactivation  procedure  was  followed  for  every 
sample  container  used  in  this  experiment. 

c.  Fuels  and  Additives 

The  fuel  used  in  the  first  two  phases  was  a  specification  grade,  petroleum 
JP-4  which  was  double  clay-filtered  to  remove  any  additives  already  in  the  fuel. 

The  fuel,  contained  in  an  inert,  epoxy-lined  55  gallon  drum,  was  blended  to  0.571 
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ppm  ASA-3*  static  dissipator  additive  for  Phase  I  testing.  This  blending  produced 
JP-4  with  an  electrical  conductivity  equal  to  400  +/-10  pS/m.  The  same  lot  of  JP-4 
fuel  was  used  for  Phase  II  research.  In  this  experiment,  one  drum  of  clay-treated 
fuel  was  blended  with  STADIS  450**  anti-static  additive  and  another  drum  with  TOLAD 
511***.  Product  descriptions  for  these  two  additives  may  be  found  in  References,  7 
and  8. 

Phase  III  experiments  were  conducted  for  six  different  fuel  types  with  ASA-3 
and  STADIS  450  anti-static  additives.  TOLAD  511  was  not  used  because  it  is  a 
candidate  anti-static  additive  which  has  not  as  yet  been  approved  for  Air  Force  use. 
A  description  of  the  fuels  and  amounts  of  static  dissipator  additives  for  Phases  I  - 
III  can  be  found  in  Table  1. 

The  corrosion  inhibitors  used  in  this  study  was  specified  under  the  QPL 
(Reference  6)  for  fuel-soluble  corrosion  inhibitors.  At  the  start  of  this  study, 
there  were  14  corrosion  inhibitors  on  the  QPL;  these  additives,  along  with  their 
minimum  effective  and  maximum  allowable  concentrations  are  listed  in  Table  2. 

Air  Force  usage  rates  differ  for  each  of  these  inhibitors.  Figures  2  and  3 
demonstrate  the  relative  frequency  of  use  of  corrosion  inhibitors  reported  to  the 
Air  Force  in  1977  and  1984. 

2.  DATA 

The  data  for  Phases  I,  II,  and  III  are  provided  in  Appendices  A,  B,  and  C, 
respectively. 


*Shell  Oil  Company 

**E.  I.  Du  Pont  De  Nemours  and  Co. 

***Tetfolite  Division,  Petrolite  Corp. 
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TABLE  1.  FUEL  SAMPLE  DESCRIPTION:  PHASES  I  THRU  III 


ASA-3  STADIS-450  TOLAD  511 
Added  Added  Added 


Code 

Sample  Description 

(ppm) 

(ppm) 

(ppm) 

Phase 

POSF-0708 

Petroleum  JP-4 

0.57 

- 

- 

I 

POSF-0708 

Petroleum  JP-4 

- 

0.56 

- 

II 

POSF-0708 

Petroleum  JP-4 

- 

- 

2.11 

II 

POSF-0708 

Petroleum  JP-4 

1.13 

- 

- 

III 

POSF-0708 

Petroleum  JP-4 

- 

1.3 

- 

III 

POSF-OI 1 3 

Shale-Derived  JP-4 

0.85 

- 

- 

III 

P0SF-0883 

Petroleum  JET  A 
(commercial  aviation  fuel) 

1.4 

_ 

III 

POSF-0883 

Petroleum  JET  A 

- 

1.6 

- 

III 

POSF-1329 

Petroleum  JP-8 

1.4 

- 

- 

III 

POSF-1329 

Petroleum  JP-8 

- 

1.5 

- 

III 

POSF-1 330 

Petroleum  JP-4 

1.0 

- 

- 

III 

POSF-1333 

7056  i30-octane, 

30%  toluene  mix 

1.3 

- 

- 

III 

POSF-1 333 

70%  i 30-octane, 

30%  toluene 

- 

0.56 

- 

III 

i 

I 


i 
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TABLE  2.  MIL-I-25017  INHIBITOR  SAMPLES 

CONCENTRATION,  lbs/ 1000  Bbl 


INHIBITOR  I.D. 

MIN.  EFF.  CONC. 

MAX.  ALLOW 

APOLLO  PRI-19 

3 

8 

ARCO  4410 

3 

8 

DCI-4A 

3 

8 

DCI-6A 

3 

8 

HITEC  E-515 

7.5 

16 

HITEC  E-580 

3 

8 

LUBRIZOL  541 

3 

6 

MOBILAD  F-800 

3 

8 

NALCO  5403 

3 

8 

NALCO  5405 

3 

8 

P  3305* 

4.5 

12 

TOLAD  245 

7.5 

12 

TOLAD  249 

3 

8 

UNICOR  J 

3 

8 

•was  Emery 

■  V  _ 


9 


Corrosion  Inhibitors,  1977 
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3.  RESULTS  AND  DISCUSSION 

a.  Overview 

The  following  points,  discussed  in  the  next  three  sections  are  summarized 

here: 

(1)  Of  14  corrosion  inhibitors,  three  showed  serious  deleterious  effects 
on  the  conductivity  of  jet  fuel  with  anti-static  additive:  Apollo  PRI-19,  Lubrizol 
541,  and  HITEC  E515. 

(2)  Although  contradictions  in  the  three  phases  were  observed  for  the 
other  two  inhibitors,  HITEC  E515  in  STADIS  450  always  showed  a  decrease  in 
electrical  conductivity  of  more  than  40%  for  every  fuel. 

(3)  Fuel  type  did  not  seem  to  have  an  effect  on  conductivity.  The 
isooctane/toluene  mixture  gave  inconsistent  results. 

b.  Phase  I:  Effect  of  14  Corrosion  Inhibitors  on  the  Conductivity  of 
JP-4  with  ASA-3  Anti-static  Additives 


Since  clay-treating  removes  all  anti-static  additives,  corrosion 
inhibitors,  antioxidants,  metal  deactivators,  etc.,  from  a  fuel,  the  initial 
conductivity  of  the  base  fuel  was  nearly  zero.  The  conductivity  of  the  fuel 
increased  to  420  pS/m  with  the  addition  of  0.571  ppm  of  ASA-3.  The  change  in 
conductivity  of  baseline  fuel  with  corrosion  inhibitors  (for  Phase  I)  is  listed  in 
Table  3.  As  stated  earlier,  if  the  change  in  conductivity  was  greater  than  40%,  the 
concentration  of  corrosion  inhibitor  was  reduced  by  1  lb/1000  bbls.  Table  3 
indicates  three  corrosion  inhibitors  that  showed  changes  of  more  than  40%  for  some 
or  all  concentrations  of  the  inhibitors.  This  point  is  more  easily  demonstrated  in 
Figure  4. 

Also  included  in  this  section  is  a  graph  showing  the  change  in  conductivity  of 
the  base  fuel  over  a  two  month  period  (Figure  5).  This  figure  shows  that  container 
deactivation  procedures  were  effective  in  providing  consistent  conductivity  readings 
over  a  long  period  of  time. 


12 
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TABLE  3.  RESULTS  FOR  PHASE  I:  ASA-3  IN  JP-4 


MIN/MAX  CONCENTRATION 


INHIBITOR 

(lbs/ 1000  bbls) 

(lbs/ 1000  bbls) 

PERCENT  CHANGE 

APOLLO  PRI-19 

3-8 

8.60 

-53.4 

7.00 

-50.5 

6.02 

-44.4 

5.01 

-40.8 

4.00 

-36.7 

ARCO  4410 

3-8 

8.03 

-30.0 

DCI-4A 

3-8 

8.00 

-13.9 

DCI-6A 

3-8 

8.00 

-13.4 

HITEC  E-515 

7.5-16 

16.00 

-61.6 

7 .5* 

-57.2 

HITEC  E-580 

3-8 

8.00 

-23.7 

LUBRIZOL  541 

3-6 

6.22 

-55.9 

3.00* 

-43.6 

MOBILAD  F-800 

3-8 

8.00 

-  6.2 

NALCO  5403 

3-8 

7.98 

-16.7 

NALCO  5405 

3-8 

7.91 

-10.1 

P3305  (Emery) 

4.5-12 

12.01 

-  7.0 

TOLAD  245 

7.5-12 

12.30 

-36.7 

T0LAD  249 

3-8 

8.02 

-11.8 

UNICOR  J 

3-8 

8.02 

-39.0 

•These  were  net  decreased  by  1  lb/ 1000  bbl  increments  -  assumption 
made  that  if  minimum  effective  and  maximum  allowable  concentrations 
show  greater  than  +/-40S  change,  all  allowable  concentrations  will 
show  greater  than  +/-40X  change. 
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The  results  of  Phase  I  (Table  3),  show  that  corrosion  inhibitors  generally 
decrease  the  conductivity  of  JP-4  with  ASA-3;  that  is,  none  of  the  corrosion 
inhibitors  blended  with  ASA-3  in  JP-4  caused  an  increase  in  electrical  conductivity. 
Figure  4  shows  that  two  inhibitors,  HITEC  E515  and  Lubrizol  541,  decrease  electrical 
conductivity  by  more  than  40%  at  all  concentrations  (according  to  the  Phase  I 
study).  One  inhibitor,  Apollo  PRI-19,  produced  a  decrease  of  more  than  40%  for  some 
higher  concentrations  and  less  than  40%  for  lower  concentrations.  According  to  the 
guidelines  listed  in  the  military  specification  for  corrosion  inhibitors,  HITEC  E515 
and  Lubrizol  541  would  be  considered  "failures"  and  the  PRI-19  would  be  considered 
"borderline"  in  compatibility  with  anti-static  additives. 

Since  most  of  the  corrosion  inhibitors  have  dimer  acids  as  their  active 
ingredients,  there  seems  to  be  no  plausible  explanation  for  the  difference  in  the 
inhibitor's  ability  to  alter  conductivity.  There  are  however,  slight  differences 
between  some  of  these  substances.  For  example,  HITEC  E515  is  the  only  approved 
corrosion  inhibitor  containing  phosphorous.  The  effect  (if  any)  of  phosphorous  on 
conductivity  is  not  well  understood;  one  can  only  speculate  that  these  slight 
differences  initiate  interactions  with  the  fuel  or  antistatic  additives  causing 
variations  in  a  fuel's  ability  to  conduct  electrical  charge. 

It  should  be  pointed  out  here,  however,  that  the  corrosion  inhibitor  used  in 
Phase  I  were  less  than  one  year  old  when  the  study  began.  At  the  completion  of  the 
study,  the  inhibitors  were  more  than  one  year  old.  According  to  the  military 
specification  for  corrosion  inhibitors,  the  age  of  the  additives  to  be  tested  should 
be  less  than  one  year;  unfortunately,  the  testing  was  not  completed  before  that 
time.  This  point  may  help  to  explain  the  differences  between  some  of  the  results  in 
later  studies. 

c.  Phase  II:  Effect  of  14  Corrosion  Inhibitors  on  the  Conductivity  of 
JP-4  with  STAOIS  450  and  T0LA0  511  Anti-Static  Additives 

This  phase  of  testing  was  exactly  like  the  Phase  I  testing  except  that 
different  static  dissipator  additives  were  used.  Clay-treated  JP-4  fuel  (the  same 
lot  that  was  used  in  Phase  I)  was  blended  to  0.56  ppm  STADIS  450  in  one  55  gallon 
drum  and  to  2.11  ppm  T0LA0  511  in  another  drum.  The  conductivities  of  the  "STADIS" 
and  "T0LAD"  drums  were  470  pS/m  and  376  pS/m,  respectively.  The  change  in 
conductivity  with  respect  to  the  baseline  fuel  is  listed  in  Table  4.  This  table 
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TABLE 

4.  RESULTS  FOR  PHASE 

II:  STADIS  -450 

IN  JP-4 

MIN/MAX 

CONCENTRATION 

INHIBITOR 

(lbs/1000  bbls) 

(lbs/1000  bbls) 

PERCENT  CHANGE 

APOLLO  PRI-19 

3-8 

8.06 

-67 

7.05 

-65 

6.03 

-65 

5.05 

-58 

4.00 

-53 

3.02 

-50 

ARCO  M4 10 

3-8 

8.00 

-21 

DCI-HA 

3-8 

7.96 

-08 

DCI-6A 

3-8 

8.00 

-21 

HITEC  E-515 

7.5-16 

16.00 

-85 

14.00 

-84 

12.00 

-84 

10.00 

-83 

8.00 

-81 

7.50 

-82 

HITEC  E-580 

3-8 

8.03 

-10 

LUBRIZOL  541 

3-6 

6.00 

-36 

MOBILAD  F-800 

3-8 

8.00 

-11 

NALCO  5403 

3-8 

7.98 

-09 

NALCO  5405 

3-8 

7.91 

-31 

P3305 

4.5-12 

12.01 

-09 

TOLAD  245 

7.5-12 

12.30 

-30 

TOLAD  249 

3-8 

8.02 

-29 

UNICOR  J 


3-8 


8.02 


-07 
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shows  that  two  of  the  corrosion  inhibitors,  namely,  HITEC  E515  and  Apollo  PR  I - 19, 
produced  changes  of  more  than  40%  in  a  STADIS  450  doped  fuel  for  all  allowable 
concentrations.  Figure  6  illustrates  this  data.  The  slightly  higher  changes  in 
conductivity  as  compared  to  the  Phase  I  study  indicate  a  greater  interaction  between 
STAOIS  450,  PR  1-19  and  HITEC  E515  than^with  ASA-3,  PRI-19  and  HITEC  E515.  On  th 
other  hand,  the  interaction  between  ASA-3  and  Lubrizol  541  is  greater  than  that  of 
STADIS  450  and  Lubrizol  541.  While  all  concentrations  of  Lubrizol  resulted  in 
conductivity  changes  greater  than  40%  with  ASA-3,  even  the  maximum  concentration  of 
Lubrizol  with  STADIS  450  gave  just  less  than  40%  change  in  conductivity. 

It  should  be  noted  that  the  corrosion  inhibitors  with  the  greatest  usage  rate 
(see  Figure  2)  are  not  the  same  corrosion  inhibitors  which  show  conductivity  changes 
of  more  than  40%.  DCI-4A  and  NALCO  5403,  which  account  for  approximately  73%  of 
reported  corrosion  inhibitor  usage  (1984)  show  very  little  conductivity  change  with 
either  STADIS  450  or  ASA-3.  TOLAD  249,  Unicor  J,  and  Apollo  PRI-19  produce 
conductivity  effects  which  are  generally  higher  than  30%  but  less  than  40%. 

Table  5  describes  the  results  for  JP-4  with  TOLAD  511  static  dissipator 
additive.  The  results  for  this  candidate  jet  fuel  additive  show  that  none  of  the  14 
corrosion  inhibitors  caused  a  change  in  conductivity  of  more  than  40%  from  the 
baseline  fuel.  Use  of  this  additive  may  relieve  any  adverse  conductivity  effects; 
however,  this  additive  is  not  yet  approved  for  use  in  aviation  turbine  fuel.  It  is 
also  interesting  to  note  that  OP-4  requires  almost  four  times  the  amount  of  TOLAD 
511  to  achieve  the  same  conductivity  as  compared  to  ASA-3  and  STADIS  450  (Table  1). 
Thus,  this  static  dissipator  additive  does  not  appear  to  be  economically 
advantageous  for  fuel  blending  even  though  conductivity  effects  are  reduced  by  using 
this  additive. 

d.  Phase  III:  Effect  of  Three  Corrosion  Inhibitors  on  Six  Different 
Fuels  with  ASA-3  and  STADIS  450  Anti-Static  Additives 

As  was  stated  earlier,  the  purpose  of  Phase  III  testing  was  to  re-examine 
"borderl ine"  or  "failing"  corrosion  inhibitors  in  different  fuel  types  with  two 
different  anti-static  additives.  Original  additives  samples  were  discarded  since 
they  were  more  than  one  year  old.  New  samples  of  HITEC  E515,  Lubrizol  541,  and 
Apollo  PRI-19  were  used  in  this  phase  of  the  study. 


6-fi  E-51S  E-586  S41  ILfiD  5403 

CORROSION  INHIBITOR 
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TABLE  5.  RESULTS  FOR  PHASE  II:  TOLAD-511  IN  JP-4 


INHIBITOR 

MIN/MAX 

(lbs/1000  bbls) 

APOLLO  PRI-19 

3-8 

ARCO  4410 

3-8 

DCI-4A 

3-8 

DCI-6A 

3-8 

HITEC  E-515 

7.5-16 

HITEC  E-580 

3-8 

LUBRIZOL  541 

3-6 

MOBILAD  F-800 

3-8 

NALCO  5403 

3-8 

NALCO  5405 

3-8 

P3305 

4.5-12 

TOLAD  245 

7.5-12 

TOLAD  249 

3-8 

CONCENTRATION 

(lbs/ 1000  bbls)  PERCENT  CHANGE 


7.96 

-30 

7.92 

-26 

8.00 

-20 

7.96 

-24 

16.13 

-19 

8.00 

-10 

6.00 

-27 

7.96 

-21 

8.03 

-11 

7.92 

-19 

12.00 

-08 

11.96 

-21 

8.00 

-22 

UNICOR  J 


3-8 


8.00 


-17 
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Apollo  PRI-19  results  with  ASA-3  and  STADIS  450  are  given  in  Table  6.  The 
percent  change  for  this  additive  with  either  static  dissipator  additive  is  less  than 
40%  for  all  fuels.  Lubrizol  541,  on  the  other  hand  (Table  7),  showed  increased 
conductivity  when  added  with  ASA-3.  In  nearly  all  cases,  greater  than  40%  increase 
in  conductivity  was  observed  for  the  range  of  allowable  concentrations.  Lubrizol 
541  with  STADIS  450  however,  did  not  demonstrate  a  significant  change  in 
conductivity.  The  last  inhibitor,  HITEC  E515  (shown  in  Table  8),  produced  less  than 
40%  change  with  ASA-3  for  all  but  one  fuel.  With  STADIS  450  however,  HITEC  E515 
caused  fuel  conductivity  to  decrease  by  more  than  40%  for  every  concentration  and  in 
every  fuel . 

The  results  for  Tables  6,  7,  and  8  are  described  graphically  in  Figures  7,  8, 
and  9. 

The  most  interesting  result  of  the  third  study  was  the  fact  that  contradictions 
were  observed  from  the  initial  studies.  For  JP-4  with  ASA-3,  Lubrizol  541  brought 
about  decreases  in  base  fuel  conductivity  of  more  than  40%  for  all  concentrations  of 
this  inhibitor.  Phase  III  studies  for  the  same  OP-4  revealed  an  increase  in 
conductivity  of  more  than  40%  for  6  and  5  lbs  per  1000  bbls  (all  other 
concentrations  showed  just  less  than  40%  increase).  Similar  results  were  observed 
for  other  fuel  types.  These  apparent  contradictions  could  not  be  explained.  It  is 
possible  that  the  new,  fresh  sample  of  Lubrizol  produced  a  different  effect  than  the 
slightly  aged  sample.  Other  differences  were  apparent  in  Phase  III.  HITEC  E515  did 
not  show  an  increase  of  more  than  40%  for  ASA-3  in  any  type  of  fuel  (Table  8)  with 
the  exception  of  the  isooctane/toluene  mixture.  Apollo  PRI-19  showed  similar 
results. 

For  STADIS  450  in  any  type  of  fuel,  Apollo  PRI-19  and  Lubrizol  did  not  show  a 
decrease  of  more  than  40%  for  any  allowable  concentration.  Phase  II, however,  did 
show  greater  increases.  HITEC  E515  with  STADIS  450  showed  a  decrease  in  electrical 
conductivity  of  more  than  40%  for  every  fuel. 
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TABLE  6.  RESULTS  FOR  PHASE  III:  APOLLO  PRI-19 


Corrosion  Inhibitor 


Fuel  No.,  Type 

Static  Dissipator 
Additive 

Concentration 
(lbs/1000  bbls) 

Percent  Change 
from  Base  fuel 

-0708 

( JP-4) 

ASA- 3 

8.0 

-02 

-0883 

(JET  A) 

ASA-3 

8.0 

■*•04 

-0113 

(Shale  JP-4) 

ASA-3 

8.0 

-18 

-1330 

( JP-4) 

ASA-3 

8.0 

-06 

-1329 

( JP-8) 

ASA-3 

8.0 

-19 

-1333 

(*) 

ASA-3 

8.0 

-03 

-0708 

(JP-4) 

STADIS  450 

8.0 

-27 

-0883 

(JET  A) 

STADIS  450 

8.0 

-27 

-0113 

(Shale  JP-A) 

STADIS  450 

8.0 

-34 

-1330 

(JP-A) 

STADIS  450 

8.0 

-30 

-1329 

(JP-8) 

STADIS  450 

8.0 

-33 

-1333 

(*) 

STADIS  450 

8.0 

-24 

*70%  iso-octane/ 30%  toluene  by  volume 


AFWAL-TR-85-2076 


TABLE  7.  RESULTS  FOR  PHASE  III:  LUBRIZOL  541 


Fuel  Mo.,  Type 

Static  Disslpator 
Additive 

Corrosion  Inhibitor 
Concentration 
(lbs/ 1000  bbls) 

Percent  Change 
from  Base  Xuel 

-0708  (JP-4) 

ASA-3 

6.0 

+43 

5.0 

+30 

-0883  (JET  A) 

ASA-3 

6.0 

+55 

5.0 

+50 

4.0 

+54 

3.0 

+54 

-0113  (Shale  JP-4) 

ASA-3 

6.0 

+44 

5.0 

+50 

4.0 

+47 

3.0 

+43 

-1330  (JP-»t) 

ASA-3 

6.0 

+42 

5.0 

+38 

4.0 

+32 

-1329  ( JP-8) 

ASA-3 

6.0 

+42 

5.0 

+35 

-1333  (•) 

ASA-3 

6.0 

+34 

-0708  (JP -ij) 

STADIS  450 

6.0 

-16 

-0883  (JET  A) 

ST ADIS  450 

6.0 

-21 

-0113  (Shale  JP-4) 

STADIS  450 

6.0 

-18 

-1330  (JP-4) 

STADIS  450 

6.0 

-11 

-1329  (JP-8) 

STADIS  450 

6.0 

-11 

-1333  (*) 

STADIS  450 

6.0 

-28 

•70%  tso-octane/30%  toluene  by  volume 


/ 
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TABLE  8.  RESULTS  FOR  PHASE  HI:  H1TEC  E-515 


Fuel  No.,  Type 
-0708  (JP-4) 

-0883  (JET  A) 

-0113  (Shale  JP-4) 
-1330  (JP-4) 

-1329  (JP-8) 

-1333  (•) 


Static  Dlsstpator 
Additive 


Corrosion  Inhibitor 
Concentration 
(lbs/1000  bbls) 


Percent  Change 
from  Base  fuel 


-0(08  (JP-4) 


STAD1S  450 


-0883  (JET  A) 


STADIS  450 


-0113  (Shale  JP-4) 


STADIS  450 


-1330  ( JP-4) 


STADIS  450 


-1329  (JP-8) 


STADIS  450 
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Fiqure  9.  Results  for  HITEC  E515:  Phase  III 
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SECTION  III 
RECOMMENDATIONS 

Because  of  the  results  shown  from  these  studies,  the  Air  Force  (Fuels  and 
Lubrication  Division,  Aero  Propulsion  Laboratory,  Wright-Patterson  AFB,  OH)  has 
removed  the  corrosion  inhibitor  HITEC  E515  from  the  Qualified  Products  List.  A 
decrease  in  conductivity  of  more  than  40%  resulted  when  HITEC  E515  was  blended  with 
STADIS  450  anti-static  additive  in  any  fuel  type.  Since  corrosion  inhibitors  must 
be  compatible  with  all  approved  additives  according  to  MIL-I-25017D,  HITEC  E515  is 
now  justifiably  omitted  from  the  list. 

The  recommendation  regarding  Lubrizol  541  was  less  clear  cut.  When  tested  in 
fuels  containing  ASA-3  there  were  three  failures  at  all  concentrations,  three 
partial  failures  (i.e.,  failed  at  maximum  allowable  concentration  but  passed  at 
minimum  effective  concentration),  and  one  pass  at  maximum  allowable  concentration  . 
However,  with  Stadis  450  there  were  no  failures  or  partial  failures.  Since  Lubrizol 
541  is  the  only  corrosion  inhibitor  on  the  QPL-25017  that  is  approved  for  use  in 
MIL-G-5572  aviation  gasolines,  it  was  recommended  that  it  remain  on  the  QPL. 

The  other  corrosion  inhibitor,  Apollo  PRI -19  gave  results  which  did  not 
demonstrate  consistent  incompatibility. 

In  the  past  three  years,  the  Air  Force  has  become  involved  with  the  processing 
and  use  of  fuel  from  shale  oil.  Since  nitrogen,  sulfur  and  aromatic  levels  are 
higher  than  petroleum  crudes,  shale  crude  oil  must  be  highly  hydro-refined  before 
using  as  an  aviation  fuel.  Unfortunately,  the  severe  hydrotreating  can  decrease  the 
lubricity  of  the  shale  fuel  such  that  fuel  pump  wear  is  more  likely  than  with  fuel 
produced  from  conventional  petroleum  crudes.  Also,  as  these  crude  sources  diminish, 
"heavier"  crudes  (higher  in  aromatics,  contaminants)  will  be  utilized.  Greater 
amounts  of  hydroprocessing  will  again  be  necessary,  decreasing  fuel  lubricity. 

In  order  to  improve  fuel  lubricity,  corrosion  inhibitors  have  been  added  to 
shale-derived  fuels  to  be  used  in  aircraft  engine  testing  (References  10  and  11). 
This  experience  has  shown  that  corrosion  inhibitors  must  be  added  in  their  maximum 
allowable  concentrations  to  produce  a  fuel  with  an  acceptable  lubricity  level. 
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Corrosion  inhibitors,  by  their  very  nature,  tend  to  adhere  to  metal  surfaces  in 
order  to  prevent  oxygen  from  easily  migrating  to  the  metal  to  begin  the  oxidation 
process.  Thus,  many  jet  fuel  users  will  discover  that  corrosion  inhibitor  content 
will  decrease  during  fuel  handling  operations  where  the  additive  "plates  out"  on 
untreated  metal  surfaces.  In  order  to  combat  this  decrease  in  lubricating  ability 
because  of  corrosion  inhibitor  loss,  military  users  of  jet  fuel  are  preparing,  if 
necessary,  to  add  additional  corrosion  inhibitor  upon  receipt  of  jet  fuel  at  the  base 
level.  Conductivity  effects  from  an  increased  dosage  of  corrosion  inhibitor  will  be 
more  apparent.  At  the  very  least,  users  of  hydro-refined  fuel  should  be  aware  that 
addition  of  these  inhibitors  to  improve  lubricity  may  have  detrimental  effects  on 
static  conductivity. 

In  conclusion,  as  more  corrosion  inhibitor  is  used  to  enhance  the  lubricity  of 
alternate-source  aviation  turbine  fuels,  electrical  conductivity  may  be  affected  to  a 
greater  degree  than  at  present.  Studies  such  as  this  will  be  necessary  to  control 
the  use  of  inhibitors  which  significantly  decrease  conductivity.  Conductivity 
should  also  be  of  concern  when  evaluating  candidate  lubricity  and  anti-corrosion 
additives.  Electrical  conductivity  will  continue  to  be  an  important  property  for 
the  aviation  turbine  fuels  of  the  present  as  well  as  the  future. 
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AFWAL-TR-85-2076 


4-  £. 

•H  O 

Z>  *- 

•H  JZ  -rt  £ 
*-  *-j:\ 
U  CD 

3  3  j:  a 

-a  c 

C  r-4 

o 

O 


c  w 

O  1-4 
(.  -H  H 

O  4-  A 

4- 

■H  (_  O 
J3  O 

•H  C  O 
£  0)  -rt 
C  u  \ 
4-4  C  -O 
O  1—4 

u 


o  fT3 
£  C 
>■  S  H 
4-  CO  L. 

h  a 


r^ho^r<ic5oC.>'Cr''^Dj4’3Lri'^3ci''i3Ln,:f  C'^  ^  cd  co 

!>'^iM<r'0^-iOrO'Ot^cDf>jCDroCNi/icooN'OUir^g 

„_i  oj  oj  oj  oj  n  on  ro  *-4  ^  ro  oj  m  oo  fo  pj  pj  m  pj  pj  fo 


<r  <r  — * 

ofjwOfOooooooPJooJ^tnofjPJoo 
•0  OOOOOOO  •  1/1  O  W  O  o  O'  C  •  O  O  O  • 

. O  -JO  •  •  OJ  ■*■<  •  CVI 

coiS'Oi/i,raDaDo3«-i-r-iC^cO'£ifooot^c^-rt^4ca£scv'H 


n  1/1 
00m 


t- 

o 

+- 

I 

i 

l 

I 

Ch 

O  1 

*-4  LLl 

<r  <r  <r 

i  _J 
uj  o 

N1 

<=> 

<r 

<r  <r  <r 
m  in  oj 

<? 

0J 

cc 

m 

H 

1 

«r  <r  so  o 

U  *-4 

_j 

o  o  a 

Q  O 

X3 

l 

O  1  1  ill 

ia  ct 

1-4 

u  a  <r 

<r  u 

o 

•H 

i 

y~t 

L)hh(- 

h-  » 

A 

_j  _j  _i 

_l  1-4 

ro 

JZ 

1 

O' 

ce  u  u  *-< 

n  ZJ 

o 

<r  <c  o 

o  2 

ro 

c 

l 

1 

a. 

<r  o  o  X 

X  -1 

z 

-z.-z.b- 

b-  3 

a. 

ioo»4'rtQjc0>0>0O'0>0'0inr0NfNN[^^j'C'0f' 
1  ro  ro  '-t  —1  oj  oj  oj  oj  oj  oj  pj  r>J  oj  oj  oj  oj  -r4  -h  ^-1  t-i  — 4  -rH 

^  ^  ^  4f  (J-  ^  <f  Cj"  4j"  4j  4f 


KirvP'LnU"IrvO'oooC)oOLnro<i-rOcooon<r<rCD 

oj  ro  n  o  o  m  ro  rn  «  in  n  m  w  oj  w  oj  oj  o  0  pj  oj  oj  o 

Kf  *J~  4J"  ^  4f  4^"  4J"  4J*  4J1  4J*  4j"  4J*  ^ 


*4  M  N  N  N  O  o  OJ  OJ  OJ  OJ  OJ  OJ  <T  OJ  o  o  ui  i/1  (D  CD  00  J3 
OJ  OJ  OJ  ^  4-4  04  04  0J  0J  0J  04  0J  0J  0J  0J  M  05  0J  0J  o  o  o  0J 


AFWAL-TR'85-2076 


p 

•H  P 
>  O 
-H  XI  P  E 
P  P  H  \ 
U  H  XJ  M 

3  ?  -p  a 

T3  P 

c  c 

O  M' 

u 


CM 

CD 

O' 

<N 

<M 

<N 

<N 

CM 

O' 

ro 

ro 

0 

<N 

CO 

v£> 

r" 

O' 

00 

O 

CM 

X) 

CO 

f-H 

O' 

to 

CO 

CO 

a> 

CM 

IN 

CM 

CM 

co 

CO 

rsi 

(N 

ro 

CM 

ro 

CM 

rsi 

CM 

CP 

op 

^  hJD 

0  P  _ 
P  «o 
■H  P.O 
XJ  P  o 

■  w  c  - 
p  o  p 
cuv 
*-  c  p 
o|p 
ol 


0^100^1000^^0000 

tJ'OiOa'POOO'OO'OO'OO 

r^r'aor^'Ooovxr^cor'rvit-tcDco 


n  < 

« 

o  •-< 

H  .-( 

«  i-.  0 

x  !:!  A 

M  'l'  H 

Q  T.  < 

Z  P 


K  O 
0-4  t~* 

o  <  < 


o  O  *->  »-t 
a  p;  u  u 


in 

o 

» — 4 

CO 

in 

in 

in 

i 

• 

P 

u 

w 

O 

N 

u 

u 

►H 

u 

u 

a 

H 

H 

a 

»-i 

>-i 

a 

a 

a 

a 

Iii  n  in 
o  o 
Q 


t/1  </> 

Lfi 

O  O  o 


lA  O' 

«3«  <4*  *3 

(N  CM 

9  9  8 


<<QP32a:CJEZZO<HH 


<* 

<r 

a 

ro 

ro 

o 

o 

o 

o 

o 

o 

r- 

t- 

r~ 

r~ 

m 

in 

in 

ro 

ro 

10 

10 

0 

v£> 

ro 

CO 

ro 

ro 

ro 

to 

ro 

ro 

co 

co 

to 

to 

to 

<o 

p 

o 

a 

\ 

rH 

CM 

CM 

CM 

CM 

CM 

o 

o 

o 

ro 

CO 

ro 

ro 

CO 

CO 

to 

a 

C 

n- 

I" 

c~ 

r* 

*}< 

** 

rr 

<*• 

>1 

•H 

to 

(O 

ro 

ro 

ro 

to 

to 

to 

co 

ro 

to 

to 

CO 

CO 

co 

H 

0 

VO 

0 

0 

<o 

0 

sO 

-p 

r- 

t'- 

r- 

r- 

n- 

r- 

H 

CO 

CO 

to 

to 

co 

ro 

co 

^ 


AFWAL-TR-85-2076 


APPENDIX  B  (con’t) 


EFFECT  OF  CORROSION  INHIBITORS  ON  CONDUCTIVITY 
OF  FUEL  CONTAINING  STADIS  450  ADDITIVE 


appendix  c 


APPENDIX  C  (con't) 


ELECTRICAL  CONDUCTIVITY  OF  FUELS 


Cor roK ion 

Average 

Aaliatatic 

Inhibitor 

font  . 

Conduct ivity 

Saawlr  Identification 

Additive 

_  A  tided 

(lb/ 1000  Mil ) 

(pS/a) _ 

83-FOSF- 1328  taie  Fuel 

ASA- 3 

None 

_ 

3 1 3 

81-POSF-I128  late  Fuel 

ASA- 3 

None 

- 

381 

83-POSF-I328  lav*  Fuel 

ASA- 3 

None 

- 

3 1 1 

83-POSF-I328  laae  Fuel 

ASA- 3 

None 

- 

320 

•3-POSF-I328  laae  Control 

ASA- 3 

None 

- 

361 

81-POSF-I328  laae  Control 

ASA- 3 

None 

- 

318 

83-FOSF- 1328  laae  Control 

ASA-  3 

None 

- 

648 

83-POSF-I328 

ASA- 3 

APOLLO  PHI- 19 

8 

466 

83-FOSF- 1 328 

ASA- 3 

LUBRIZOL  *41 

8 

822 

81-POSF-I328 

ASA-3 

LUBRIZOL  *41 

3 

231 

83-FOSF- 1 321 

ASA- 3 

hum:  e-*i* 

16 

466 

■3-POSF- 1330  laae  Fuel 

ASA- 3 

None 

424 

•3-POSF-1S10  laae  Fuel 

ASA-3 

None 

481 

83-FOSF- 1330  laae  Fuel 

ASA- 3 

None 

483 

83-FOSF- 1330  laae  Fuel 

ASA-3 

None 

431 

83-FOSF- 1330  laae  Fuel 

ASA- 3 

None 

441 

83-FOSF-l 330  laae  Control 

ASA- 3 

None 

468 

•3-F0SF- 1 330  laae  Control 

ASA- 3 

None 

468 

83-FOSF- 1330  laae  Control 

ASA- 3 

None 

411 

83-FOSF-I330  laae  Control 

ASA-1 

None 

183 

83-FOSF- 1330 

ASA- 3 

APOLLO  PM -IQ 

8 

443 

83-FOSF- 1 330 

ASA- 3 

l.l mu  1 7.01.  *41 

6 

621 

83-FOSF- 1330 

ASA-3 

JJtWtJZOL  *41 

S 

664 

83-POSF-I330 

ASA- 3 

1  own  7.01.  *41 

6 

361 

83-FOSF-I330 

ASA- 3 

Ml  TEC  L * M * 

16 

381 

82-FOSF-Ol 1 3  late  Furl 

ASA-1 

None 

432 

82-FOSF-OI 13  laae  Fuel 

ASA-1 

None 

483 

82-POSF-OI 1 3  laae  Fuel 

ASA- 3 

None 

418 

•2-FOSF-OI 13  laae  Fuel 

ASA-3 

None 

431 

•2-POSF-OI 1 3  laae  Fuel 

ASA- 3 

None 

438 

82-FOSF-OI 13  laae  Furl 

ASA-3 

None 

443 

•2-FOSF-OI 13  laae  Control 

ASA-1 

None 

486 

•2-POSF-OI 13  laae  Control 

ASA-3 

None 

411 

■2-FOSF-OI 13  laae  Control 

ASA- 3 

None 

434 

•2-POSF-OI 13  laae  Control 

ASA-3 

None 

461 

■2-POSF-OI 13  laae  Control 

ASA- 3 

None 

448 

•2-POSF-OI 13 

ASA- 3 

APOLLO  PM  *  IQ 

8 

404 

■2-FOSF-OI 13 

ASA-3 

LUBRIZOL  *41 

6 

108 

82-FOSF-OI 13 

ASA- 3 

LI’BMZOL  *4} 

3 

118 

82  FOSF-OII3 

ASA-3 

LUBA  1701.  *41 

6 

668 

82-FOSF-OI 13 

ASA-3 

LUBMZOL  *4| 

3 

631 

82-FOSF-OI 1 3 

ASA-3 

Mine  E-SIS 

16 

466 

’  r» ¥*  C*»  I’O  '.**  IT  gw t.T  .-V  'JV  ft".-*  7* V V  <J%  'JV  ,.-ntlV--8:%  .>  A  ,-v  —a  -  -v 
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APPENDIX  C  (con't) 


ELECTRICAL  CONDUCTIVITY  OF  FUELS 


Sgl If  ldrnmtr*Hou 


83- 

83- 

81 

S3- 

83- 

•3 

S3 

S3 

S3 

•3 

S3 

S3 

S3 

S3 

S3 

S3 

81- 

SI- 

83- 

83- 

83- 

83- 

83 

S3 

S3 

S3 

S3 

S3 

S3 

83- 

83- 

83- 

81- 

83- 

83- 

S3 

S3 

S3 

S3 

S3 

S3 

S3 

Bi¬ 

ll- 

83- 

83- 

S3 

S3 

S3 

S3 

S3 

t) 

S3 

S3 


TO6F-070S 

POSF-0708 

POSF-0708 

rosr-oros 

FOSF-0708 

-POSF-0708 

-posf-otos 

-POSF-OIOS 

-POSF-OIOS 

-posr-oios 

-P09F-08S3 

-POSF-OBS3 

-POSF-OSS3 

-POSF-OSS3 

-POSF-OSS3 

-POSF-OSS3 

-POSF-OSS3 

-POSF-0883 

-P0SF-0883 

POSF-OS83 

POSF-0883 

POSF-0883 

POSF-0883 

POSF-0883 

POSF-0883 

POSF-0883 

■POSF-0883 

POSF-0883 

-POSF-0883 

-POSF-1333 

-posF-mi 

-POSF-1333 

-POSF-1333 

-POSF-I33J 

-POSF-I33I 

POSF-1333 

POSF-1333 

-POSF-1333 

-POSF-1333 

-POSF-I33I 

-POSF-1333 

-POSF-1333 

-P08F-1333 

-POSF-1333 

-POSF-1333 

POSF-133J 

POSF-1333 

POSF-1333 

POSF-1333 

POSF-1333 

-POSF-1333 

-POSF-1333 

-POSF-1333 

-POSF-1333 


Sal*  Furl 
Baa*  Furl 
Saar  Furl 
Saar  Control 
Saar  Control 
Saar  Control 


Baar  Fail 
Baa*  Furl 
Saar  Furl 
Saar  Furl 
Saar  Furl 
Saar  Furl 
Saar  Furl 
Saar  Control 
Saar  Control 
Saar  Control 
Saar  Control 
Saar  Control 
Saar  Control 


Saar  Furl 
Saar  Furl 
Saar  Furl 
Saar  Furl 
Saar  Furl 
Baa*  Furl 
Baa*  Furl 
Baa*  Furl 
Saar  Furl 
Saar  Control 
Baar  Control 
Baar  Control 
Baa*  Control 
Baa*  Control 
Baar  Control 
Baar  Control 
Baar  Control 


Ant iatallr 

Inhibitor 

Conr 

Condur  1 1 * 1 1  f 

_ Addit i»r _ 

_Addrd _ tlh/irmo  bhi) 

(fS/u) 

ASA- 3 

Hone 

- 

S3* 

ASA- 3 

None 

- 

Alt 

ASA-3 

Nonf 

- 

630 

ASA-3 

None 

- 

630 

ASA- 3 

None 

- 

623 

AKA- 3 

None 

* 

SSI 

ASA -3 

APOLLO  PHI*  19 

A 

616 

ASA- 3 

LOAN  1201  *41 

6 

•60 

ASA- 3 

LUBA 1 7.01  *41 

S 

S*S 

ASA- 3 

HI TEC  E-*IS 

16 

S*8 

ASA-3 

None 

- 

3S3 

ASA- 3 

None 

- 

38b 

ASA-3 

None 

- 

611 

ASA- 3 

None 

- 

360 

ASA- 3 

None 

• 

38S 

ASA- 3 

None 

- 

3S6 

ASA- 3 

None 

* 

36) 

ASA- 3 

None 

- 

*7* 

ASA- 3 

None 

- 

6)1 

ASA- 3 

None 

- 

67* 

ASA- 3 

None 

- 

*76 

ASA- 3 

None 

- 

366 

ASA- 3 

None 

- 

36? 

ASA- 3 

APO|.|jO  PNI-19 

A 

*>6 

ASA- 3 

LUBK  1/.OI.  *4! 

6 

6?) 

ASA- 3 

U»HR  17.01.  S4I 

S 

630 

ASA- 3 

LUIUtUOL  *41 

4 

678 

ASA- 3 

MINN  1201.  *41 

* 

62S 

ASA- 3 

Him  E-TlS 

16 

3*1 

ASA-3 

None 

ss* 

ASA-3 

None 

6SS 

ASA-3 

None 

ins 

ASA- 3 

None 

I0S0 

ASA- 3 

None 

♦  13 

ASA-3 

None 

667 

ASA- 3 

None 

636 

ASA-3 

None 

7*8 

ASA-3 

None 

76S 

ASA-3 

None 

876 

ASA-3 

None 

I0S0 

A5A-3 

None 

8S6 

ASA-3 

None 

816 

ASA- 3 

None 

668 

ASA-3 

None 

- 

6*8 

ASA- 3 

None 

no 

ASA- 3 

None 

7)6 

ASA- 3 

APOLLO  PNI-H 

A 

860 

ASA-3 

MINK  1201.  S4I 

h 

12 12 

ASA- 3 

HI  TEC  E-MS 

16 

ms 

ASA- 3 

NITIC  E-SIS 

14 

16*3 

ASA-3 

Nine  r-sts 

12 

1612 

ASA-3 

Him  E-SIS 

10 

16)2 

ASA-3 

Nine  i-sis 

1 

l*»6A 

ASA-3 

Nine  f*sis 

1  S 

I  $63 
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ft 
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APPENDIX  c  (con’t) 


ELECTRICAL  CONDUCTIVITY  OF  FUELS 


Avenge 

Ant  islet ic 

Inhiht  t  t*i 

Conr 

Conduct i vily 

Staple  Idrntifkitiofi 

Add i t i ve 

Added 

( lb/  101)0  htit  1 

(pS/u; 

u-mr-om  inr  Furl 

Stsdis  450 

None 

- 

*20 

•2-FOSF-OII3  Saar  Furl 

Stsdis  450 

None 

- 

*20 

07-POSF-OII3  Saar  Furl 

Stadia  4*0 

None 

*02 

02-POSF-OII)  la a*  Furl 

Stedis  450 

None 

*07 

S2-POSF-OI13  laar  Farl 

Stedis  4S0 

None 

*16 

•2-rOSF-DIIJ  laar  Furl 

Stedis  450 

None 

_ 

*27 

•2-FOSF-OII3  laar  Furl 

Stadia  4*0 

None 

_ 

*34 

•2-fOSF-OI 13  l»if  Fuel 

Stedis  450 

None 

. 

*14 

02-POSF-O1I3  laar  Furl 

Stsdis  450 

None 

. 

*34 

•2-POSF-OII3  laar  Control 

Stsdis  450 

None 

- 

*13 

Stadia  440 

None 

• 

*00 

02-POSF-OII3  laar  Control 

Stsdis  450 

None 

_ 

40 1 

S2-POSr-OII3  laar  Control 

Stsdis  450 

None 

400 

■2-F0SF-0II)  laar  Control 

Stadia  4*0 

None 

. 

417 

02-PO3F-OII3  laar  Control 

Stadia  4*0 

None 

470 

■2-PnsF-OII) 

Stadia  4*0 

APOLLO  IHI- 19 

S 

342 

■2-FOSF-OII) 

Stadia  4*0 

limit  12*11  *4| 

6 

424 

•2 -F0SF-0II3 

Stadia  4*0 

Him  i.-*is 

14 

151 

•2-raiF-OII) 

Stadia  4*0 

hitm  F.-ii* 

14 

1*3 

■2-rOIF-OII) 

Stadia  4*4 

Him:  r.-*i* 

12 

146 

•2-poar-om 

Stadia  4*0 

Him  r.-*i* 

ID 

146 

■2-rair-oii) 

Stadia  4*0 

Him:  f.  -  *  i  * 

s 

164 

S2-PQtf-OII3 

Stsdis  450 

Him  i-*i* 

7  * 

164 

IHO»-niO  laar  Furl 

Stadia  4*0 

Hour 

1 

*61 

S3-F06F-I130  laar  Furl 

Stadia  4*0 

None 

*7* 

S1-P06F-I330  laar  Furl 

Stadia  4*0 

None 

*73 

IMWF-IJM  Mac  Furl 

Stadia  4*0 

None 

*00 

IHOir-inO  liii  Furl 

Stadia  4*0 

None 

i 

i  *34 

Sl-FOHr-1330  Mac  Fuel 

Stadia  4*0 

None 

1  *73 

SI-POCP-1330  Mac  Fuel 

Stadia  4*0 

None 

. 

*36 

01-FO9F-I13O  Mar  Furl 

Stadia  4*0 

None 

. 

*07 

■  l-rosr-mo  Mac  Furl 

Stadia  4*0 

None 

- 

*07 

• J- PONF- 1 )30  lace  Control 

Stadia  4*0 

None 

- 

i*4 

8 )-POil - 1 1  JO  kic  Control 

Stsdis  450 

None 

. 

*5* 

01-POSF-133O  Mac  Control 

Stsdis  450 

None 

- 

*43 

•  )-POSF-l))0  Bote  Control 

Stsdis  450 

None 

. 

*2* 

• l-POSF- l 1 jo  Booe  Control 

Stadia  4*0 

None 

. 

54) 

H-WSI-mc  Mac  Control 

Stsdis  450 

None 

*36 

ll-POSF-MM  Mac  Control 

Stsdis  450 

None 

*41 

1 1- P0SF-  1 130  Mac  Control 

Stadia  4*0 

None 

. 

550 

S1-POSF-I330 

Stsdis  450 

Ah II. I.o  TNI -19 

ft 

)<H 

si-rosF-mo 

Stadia  4*0 

lima i /m.  sc i 

6 

50<f 

S3-P0SF- 1 130 

Stsdis  450 

Ml  TIC  1-515 

lb 

10* 

S3-POSF-I130 

Stadia  4*0 

HITM.  f-515 

14 

l?A 

st-posr-  mo 

Stsdis  450 

Him:  km* 

12 

149 

S1-POSF-I1IO 

Stadia  4*0 

NIT tr  1.  SIS 

10 

176 

i  i-Fosr-nwi 

Stadia  4*0 

Him  r-*r. 

A 

10* 

ii-rttsF-mo 

Stadia  4*0 

HITM  »  *r. 

vs 

190 
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APPENDIX  C  (con't) 


ELECTRICAL  CONDUCTIVITY  OF  FUELS 


*  ■ 

for  lllSMMI 

Average 

Am  i fttai  it 

Inhi  hi  t  <>r 

Com 

Condm  1  i  vi 

Sm»I«  IMillcitlM 

Add » 1  »  ve 

Added 

( lb/  ItM in  hhl ) 

ff'./U) 

B1-POSF-I328  Bur  F«1 

St id ll  430 

None 

348 

81-POSF-U28  Int  Furl 

Stidii  430 

Non* 

336 

83-POSF- 1328  Bile  Furl 

Stidu  430 

None 

3  23 

81-POSF-I328  bit  Furl 

Stidii  430 

None 

361 

81-POSF-I128  bit  Furl 

Stidu  430 

None 

348 

83-POSF- 1 128  8uur  Furl 

Stidii  430 

None 

341 

83-POSF- 1328  Bair  Furl 

Stadi •  430 

None 

336 

8  l-POSF- 1 328  Biir  Furl 

Stidii  430 

None 

361 

83-POSF- 1 329  Biur  Furl 

Stidii  430 

None 

310 

St id ii  430 

None 

336 

83-POSF- 1328  Bur  Control 

St id ■ •  430 

None 

368 

83-POSF- 1 329  Bair  Control 

St  mIii  450 

None 

334 

83-POSF- 1328  Bair  Control 

Stidii  430 

None 

348 

83-POSF- 1328  Biir  Control 

Stidii  430 

Bonr 

341 

83-POSF- 1328  Bair  Control 

Stidii  430 

None 

338 

83-POSF-I328  Bair  Control 

Stidii  430 

None 

338 

8  3-POSF-  1 328  Bur  Control 

Stidii  430 

None 

I 

341 

83-POSF-I328 

Sladil  430 

BP«  11.0  PBI-18 

8  1 

3/2 

83-POSF- 1328 

Stidii  430 

M  IBB  1 ZOL  341 

•>  1 

481 

8  3-POSF- 1328 

Stidu  430 

HITK  t-313 

16  ! 

168 

8 l-POSF- 1328 

Stidii  430 

HITFr  F.-313 

14 

180 

83-POSF- 1 328 

Stidii  430 

HITtt  t-313 

12 

180 

83-POSF  1328 

Stidii  6)0 

MITKf  t-313 

10 

180 

83-POSF- 1328 

Stidu  430 

HITtt  F.-3I3 

8 

186 

83-POSF- 1328 

Stidii  430 

HITFX  1.-313 

7.3 

200 

83-POSF-I333  Bur  Furl 

Stidii  430 

None 

376 

83-POSF- 1333  Bur  Furl 

St  id ii  430 

None 

_ 

333 

83-POSF- 1 333  Bair  Furl 

Stidu  430 

None 

322 

8J-P0SF- 1333  Bair  Furl 

Stidii  430 

None 

322 

83-POSF- 1333  Bair  Furl 

Stidu  430 

None 

3W 

83-POSF- 1333  Bair  Furl 

Stidu  430 

None 

322 

83-POSF- 1333  Bair  Furl 

Stidii  430 

None 

331 

83-POSF- 1333  Biir  Furl 

Stidii  430 

None 

366 

83-POSF- 1333  Bur  Furl 

Stidii  430 

None 

342 

B3-POSF-I333  Biir  Control 

Stidii  430 

None 

336 

83-POSF- 1333  Biir  Control 

Stidu  430 

None 

347 

83-POSF- 1333  Bair  Control 

Stadia  450 

None 

342 

83-POSF- 1 333  Bair  Control 

Stadi •  450 

None 

313 

83-POSF- 1333  Bair  Control 

Stadia  450 

None 

313 

83-POSF-I333  Fair  Control 

Stadia  450 

None 

540 

83-POSF- 1 333  Bair  Control 

Stadia  450 

None 

147 

83-POSF- 1333  Bair  Control 

Stidu  430 

None 

149 

83-POSF- 1 333 

Stidii  430 

Alf»I.I.O  PHI  -  IS 

« 

267 

83-POSF- 1333 

Stadia  450 

LIIHR170I.  S4I 

* 

?4* 

83-POSF- 1333 

Stadia  450 

HITtr  F.-3IS 

1 A 

1*4 

83-POSF- 1 333 

Stidii  430 

HI  TIC  F.-3I3 

14 

1*4 

83-POSF- 1 333 

Stadia  450 

HUM  t-313 

U 

IS  7 

83-POSF- 1333 

Stadia  4S0 

HITM  1-313 

HI 

131 

83-POSF - 1 133 

St  id II  430 

HUM  E-515 

i 

I3S 

8I-POSF-I133 

Stadia  450 

HI  TEC  E  -  5  1  % 

is 

1*? 

*U.S.  GPO :  646-066* 


